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JP 2003-522030 
July 22, 2003 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the approach for macrrining the work formed by MMC material 
(metal matrix composite), in order to fabricate component parts, such as a piston rod, a 
piston, a brake disc, and other machine parts. 
[0002] 

[Background of the Invention] 

The structural material called MMC material came to be known in [ latest ] ten years. 
MMC material is composite formed from binding material, such as aluminum and 
titanium including the reinforcing materials by mixing of the fiber of matter, such as 
silicon carbide, carbonization boron, or an aluminum oxide, or a particle, or these alloys. 
Generally, reinforcing materials's content is about 15% of the weight of MMC material, 
and about 70 % of the weight. Since the MMC material with reinforcing materials 
content lower than about 15% can be formed with the means usually used in order to 
form binding material without reinforcing materials, such an ingredient is not called 
MMC material by this description. 
[0003] 

The use field can adjust it, it is more nearly lightweight than what can be attained by 
using the ingredient conventional by specific use part Nouchi by it, and MMC material 
has a very interesting property and the advantage of offering the component part 
equipped with the more excellent endurance is attained [ a stronger more rigid 
component part is created or ]. 
[0004] 

The car technique in which high-speed movement components, such as a piston rod, can 
function appropriately with such metal composites is an example of the use field of 
MMC material. The car manufacturer is striving continuously to attain improvement in 
the engine performance about fuel consumption, exhaust air, vibration, a noise, the 
amenity, etc. It is mitigation of weight in an inelastic body and high-speed movement 
engine components that it is especially important about all these parameters. In the 
game activity field which uses especially an automobile, an above-mentioned property is 
very desirable for engine components. As above-mentioned, a piston rod is an example of 
such a component part, and its mitigation of weight is very desirable. 


[0005] 

Generally in the ball-race activity of a car, lightweight ingredients, such as aluminum, 
titanium, or carbon fiber composite, are used for the component part of an 
above-mentioned class instead of steel. 
[0006] 

Another interesting use fields of an MMC product are an automobile, a truck, and the 

brake disc of a train. 

[0007] 

One main fault when using MMC material is very hard to machine an ingredient. When 
fabricating the component part which uses MMC material, the approach of casting a 
component part in the mold which is well in agreement is applied to the configuration 
finally completed. An option is using some of forging work or ram bars, can use spark 
processing to the front face of a component part, and the conventional processing by 
that cause, and can attain the last configuration of a component part. By using the 
conventional manufacture machining method, to produce the piston rod for motorcycles 
is tried as an example. The purpose which completes a desired component part with the 
property of requests, such as a weight fall, by this is attained. By using such a piston 
rod for an engine, as a result, migration on a high-speed gear is easy, and the engine 
which induces a lower vibration to an engine further was obtained. However, the 
problem is that the cost which manufactures engine components is very high, and this 
means that use is controlled or the importance of cost is limited to a small field. 
[0008] 

Many patent official reports are indicating various approaches for shaping in the 
culmination of the component part created by MMC material. Here, U.S. Pat. No. 
5,765,667 is shown as an example. The patent concerned has described the approach for 
manufacturing a disk brake for a component part in this example by casting (this is 
expressed clearly) and a component part in the configuration which is very well in 
agreement with the last configuration of a component part, in order to avoid the need of 
machining with a cutting tool, if possible. Since the MMC material which consists of an 
aluminum base material and reinforcing materials of a silicon carbide particle just 
includes the presentation generally used for a grinding tool, it is obvious to this 
contractor that the need of machining with a cutting tool is avoided. 
[0009] 

Since the cutting edge of a cutting tool wears out quickly by the grinding particle inside 
composite when it machines by using the conventional machining technique, the silicon 
particle embedded at MMC material has the desolation effectiveness to a cutting tool. 


[0010] 

This invention indicates the unexpected solution over an above-mentioned problem. 
[0011] 

[Summary of the Invention] 

Thereby, one mode of this invention can give that last configuration directly to a 
component part from work by this machining method based on the approach of 
fabricating the work of MMC material by what is called high-speed machining here 
(called HSM for short). Work can be used as the raw material which forges or casts, 
considers as the ram bar of a piece, or is produced by other approaches of a certain. 
[0012] 

High-speed machining includes operating a cutting tool at a very high rate to the work 
for processing as compared with the case of the conventional machining technique. The 
cutting tools which are related here are a milling cutter and a drill preferably. 
[0013] 

When using it here, the vocabulary "high-speed machining" (HSM) expresses the 
process from which the conventional machining method differs. This vocabulary is used 
also for the conventional machining in case a new approach is sometimes likely to push 
up the limitation of the conventional machining to higher level being shown. However, 
this application does not mean this truly as it shows below. 
[0014] 

HSM is cutting speed high in - emergency. - It is a high shear strain rate (capacity to 
separate a chip from work). 

- A very high effectiveness consistency is generated in front of a cutting edge (type 
value: MW/mm3). 

- temperature very high in the formation process of a chip - a cutting location - local - 
******** " things •* flowing [ without - chip contacting a cutting edge ] -shearing force 
characterizes by approaching zero asymptotically. 

[0015] 

The followings are some examples of the high cutting speed when carrying out 
high-speed machining of the ingredient according to this invention. 

- Aluminum Apart for about 3000m/(it is a part for about 100 to 400 m/conventionally) 

- Titanium A part for about 15000m/(it is a part for about 15 to 100 m/conventionally) 
It is dependent on the class of ingredient machined to find out the right cutting speed 
for acquiring the above-mentioned condition held since high-speed machining is 
characterized. Such a thing could be determined without conducting too much 
experiment, once this contractor gets to know this indication. 


[0016] 

Shearing force can be investigated, when examining in order to determine the optimal 
cutting speed of HSM machining of a new ingredient. When reaching the decision 
criterion of a HSM machining condition, shearing force approaches zero asymptotically. 
Therefore, a HSM condition can be said to be ******** when shearing force declines 
with the increment in cutting speed. In the state of said HSM, the purpose is 
determining the optimal cutting speed of the ingredient for processing. In the 
conventional machining, shearing force increases with the increment in cutting speed. 
It means that this can be expressed with the curve in which the shearing force in 
cutting speed and a correlation has global maximum (local maximum or the minimum 
value may occur) as understood now. The conventional machining is ******** when it is 
machining data with which machining is a curved rise side and is performed. On the 
other hand, a HSM condition is ******** when machining is performed under the 
situation that machining is a curved descent side and is performed. That is, in other 
words, HSM machining is ******** when the global maximum point is passed. 
[0017] 

Another advantages which use HSM machining are most heat generated at a cutting 
point, and that a chip generally absorbs 80%, and, thereby, work is not influenced in 
essence by the heat generated at the time of machining. 
[0018] 

When high-speed machining was used for MMC material, achieving unexpectedly good 
results was found out. It seems that a cutting tool carries out long duration 
maintenance of the sharpness as if it was not influenced by existence of the grinding 
matter in MMC material although the rate of the grinding matter in an ingredient is 
high. The reason on this flesh side is not well understood yet as behavior inside an 
ingredient. That is, when carrying out high-speed machining of the MMC material, an 
ingredient does not understand well what has actually occurred at a cutting point. One 
theory is the pad grinding particle constituted with the chip cut from an ingredient 
becoming liquefied to some extent in the limited space just in front of the cutting edge of 
a cutting tool and silicon carbide, carbonization boron, or an aluminum oxide being 
carried away by the air supply formed, and not contacting the cutting edge of a tool 
directly by it. This will become the explanation about the reason a cutting tool 
maintains the sharpness, completely in contrast with what is applied to the 
conventional machining. 
[0019] 

The trial which produces a piston rod by HSM machining of MMC material was 


performed. The result was very promising. The result of machining was good when a 
machine performed a right setup about delivery of spindle rotational speed, cutting 
speed, and a tool etc. The cost for fabricating as an example the prototype of the piston 
rod performed by MMC material in the last configuration high-speed machining on the 
other hand by the conventional approach can mention having reduced the 
manufacturing cost of a piston rod 40 or more times. It is possible to reduce cost further 
by mass production of the MMC component part by this invention. 
[0020] 

Still more nearly another purpose and advantage of this invention will become obvious 
from the following detailed explanation which shows and describes only the suitable 
operation gestalt of this invention as mere description of the optimal mode considered in 
order to realize this invention easily at this contractor. Although it will be understood, 
the operation gestalt from which others differ is possible for this invention, and some of 
the details can be made into the modification in various clear points, without deviating 
from this invention. Therefore, explanation is not as limitation and it should be 
regarded as de facto illustration. 
[0021] 

[Embodiment of the Invention] 

Many examples of the trial by the experiment for evaluating the approach by this 
invention are explained referring to drawing. Drawing 1 showed the flange 1 
manufactured from the blank 2 created from MMC material, and has removed all the 
raw materials of a blank 2 from the perimeter of the future flange 1 here using a 
machine tool. A flange 1 constitutes the configuration of L in this case, the last thickness 
of an ingredient is 1mm, and each die length of the side of L is 45mm and 15mm. A 
setup used for machining is a part for spindle rate 15000rpm and cutting speed part 
[ for /] and feed-rate [ of 3000mm ]/of 565m in this example. The time amount required 
in order to fabricate the flange 1 by drawing 1 is 2.5 minutes. The attrition time amount 
of a cutting tool reached in several hours in this example. The components by this 
drawing are formed of the MMC material which contains the part of 40% of silicon 
carbide in an ingredient. 
[0022] 

Punching to the MMC material containing 40% of SiC content also performed the trial. 
Forming many holes with 6.9mm HM drill, the feed rate of a spindle rate is a part for 
3000mm/there at 15000rpm. The attrition time amount of a drill was what is equal to 
use for a drill to make a maximum of 1000 drilled holes in this case. 
[0023] 


Drawing 2 indicates the example of a piston rod in the component for engines directly 
manufactured from the blank of MMC material, and this example. The blank of MMC 
material was processed into the last configuration as a piston rod by this drawing by 
high-speed machining by this invention. The cost for producing the piston rod of 
drawing 2 created by MMC material is low, and it shows the following advantage to 
coincidence as compared with the piston rod formed from other ingredients. 
[0024] 

- Compared with steel, compared with low mass-titanium, compare with high rigidity, 
the high yield point, high endurancelimit, and a 

coefficient-of-thermal-expansion-fibrous composite equivalent to the steel of an 
adjoining crankshaft, and they are a low price, isotropy, and a coefficient of thermal 
expansion equivalent to the steel of an adjoining crankshaft compared with low mass 
and rigid high - aluminum. [0025] 

The result of having excelled was attained by use of the cutting tool which was formed 
from the covered cemented carbide and equipped with internal channel cooling, and use 
of a diamond tool by machining according to the approach of this invention. When a 
diamond tool is used, the carbide content of MMC material becomes a maximum of 40%, 
and the attrition time amount of a tool is long. Even if carbide content became no less 
than 70% of height, the result of having still excelled was attained. 
[0026] 

To the last configuration of a component part, the approach by this invention can be 
applied to all the kinds manufactured from MMC material of component part, when it 
can machine. Therefore, this approach is not limited to the indicated example, but when 
selection of MMC is advantageous, it can be used for all component parts. As some 
examples which can be given, there are engine components, machine structure for 
spacecrafts, machine structure for instruments, a brake disc for cars, etc. Furthermore, 
the brake disc manufactured from MMC is advantageous from the point which is low 
weight as compared with steel, and this is conditions with specific importance in the 
train which contributes to reducing the rotational energy accumulated in a brake disc 
before moderation and by which each axle is equipped with the rotation brake disc of a 
large number often created with steel. 
[0027] 

Explanation of above-mentioned invention explains and explains this invention. 
Furthermore, although an indication shows only the suitable operation gestalt of this 
invention and explains, please understand that this invention can **** in the 
workmanship or the knowledge of the above-mentioned instruction and/or a related 


technique, and can change or deform within the limits of the concept of invention which 
could use in other various combination, deformation, and an environment, and was 
described here as above-mentioned. The operation gestalt mentioned above by this 
application explains the best mode of the common knowledge for carrying out this 
invention further, and adds various modifications as which other contractors of these 
are such an operation gestalt or other operation gestalten, and are required by specific 
application or use of this invention, enabled it to use this invention and is carrying out 
the thing intention. Therefore, it does not mean limiting explanation to the gestalt 
which indicated this invention here. Moreover, the claim has the intention of being 
interpreted as a thing including the alternative -like operation gestalt. 
[Brief Description of the Drawings] 
[Drawing l] 

The MMC material of a piece is drawing showing the example of the experimentation 
fabricated by high-speed machining from a raw material. 
[Drawing 2] 

They are the engine components produced by the approach by this invention, and 
drawing showing the example of a piston rod in this case. 


[Translation done.] 
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